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Norio Sahashi* : Spore morphology of the Japanese 
species of the Botrychiaceae 

felffEf!* : v =7 

(Plates VII—XI) 


Botrychiaceae Nishida is represented in Japan by three genera which 
consist of the following ten species. 

1. Botrychium lanceolatum (Gmel.) Angstr. 

2. B. lunaria (L.) Sw. 

3. B. simplex Hitch, var. tenebrosum (Eat.) Clausen 

4. Japanobotrychium strictum (Und.) Nishida 

5. /. virginianum (L.) Nishida 

6. Sceptridium (§ Sceptridium) daucifolium (Wall.) Lyon 

7. S. (§ S.) japonicum (Prantl) Lyon 

8. S. (§ Multifida) minus (Hara) Nishida 

9. S. (§ M.) multifidum (Gmel.) Nishida 

a. var. multifidum 

b. var. robustum (Rupr.) Nishida 

10. S. (§ M.) ternatum (Thunb.) Lyon 

a. var. ternatum 

b. var. nipponicum (Makino) Nishida 

The author observed morphologically the spores of all species listed 
above by the light microscope (LM). He also tried to compare the spore 
ornamentations by the scanning electron microscope (SEM) except for one 
species. Comparing the results of both by LM and SEM observations, the 
author will discuss the spore ornamentations and taxonomical survey of the 
genera in the Botrychiaceae. 

The author expresses his gratitude to Ass. Prof. K. Mitui, Nippon Dental 
College, for generously supplying the SEM photomicrographs and to Prof. 

* School of Pharmaceutical Science, Toho University Funabashi, Chiba Pref. 274, Japan. 
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M. Nishida, Faculty of Science, Chiba University, for his invaluable sug¬ 
gestions and identifications of materials. The author also wishes to thank 
Drs. S. Kurata, T. Nakaike, H. Ohashi, K. Iwatsuki, S. Serizawa, T. Waku 
and R. Yoroi for permission to use their herbaria in this study. Finally his 
great thanks are due to Emer. Prof. K. Hisauchi and Prof. M. Ikuse, Toho 
University, for their kind guidance and constant encouragement. 

Materials and methods The spores of about 100 samples were observed 
in this study. Most samples were collected in the field while some other 
samples were obtained from specimens in the herbaria of the following 
institutions : CHIB* : Herbarium, Chiba University. KYO : Department of 
Botany, Faculty of Science, Kyoto University. MAK: Makino Herbarium, 
Tokyo Metropolitan University. TI: Botanical Institute, Faculty of Science, 
Tokyo University. TOFO : Institute of Forest Botany, Faculty of Agriculture, 
Tokyo Univeresity. TOHO: Toho University. TNS: Department of Botany, 
the National Science Museum, Tokyo. The author carefully selected only 
mature and uncontaminated samples. 

In preparation for LM study, the author followed Ikuse’s method (1956). 
Namely, materials were fixed with absolute alcohol on slide glass. After 
stained with 0.01% alcoholic solution of gentian violet, materials were directly 
mounted in glycerine jelly and sealed with cover glass and paraffin. On the 
other hand, SEM samples were put on the specimen stub covered with the 
appropriate mountant (Do-tite) and coated with a thin layer of carbon fol¬ 
lowed by gold metal. Specimens were examined using the JSM-U3 scanning 
electron microscope, normally working at 15kv. The measurement of the 
spores indicates the longest axis when only one measurement is given. In 
the trilete spore, polar diameter x equatorial diameter is indicated as PxE, 
and the projections are not included here. At least 30 grains of each species 
were measured at the magnification of 600 or 1000 times. 

The descriptive terms are used following those of Erdtman (1952), 
Harris (1955) and Kawasaki (1973). The technical terms and abbreviations 
defined by the author are as follows. 

Alete: Devoid of apertures. 

Amb (Ambitus) : Outline of spore or pollen grain viewed from the exact 
* This abbreviation is not yet registered internationally. 
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top of one pole. 

DF: Distal face. 

Distal face: The face of a spore opposite to the dehiscence surface. 

DP : Distal part. 

Extervermiculate: With irreuglar and sometimes branched projections. 
Foveolate : With broad irregular depressions or pits whose diameter is longer 
than 1 / x. 

GL: Globoid. 

Laesura : Somewhat colpus-like aperture in mono- and trilete spores. 

PF: Proximal face. 

Proximal face: The surface of a spore including the aperture. 

PP : Proximal part. 

Reticulum: Sculptured pattern consisting of a network of well-defined 
ridges (muri) which encompass regular or irregular areas (lumina). 

RT: Rounded triangle. 

ST : Subtriangle. 

TQ : Triquete. 

Trilete: Possessing a triradiate tetrad scar. 

Triquete: Trilete spores with rounded apices and concave margins. 
Tuberose : With somewhat lower projections than verrucae,and more rounded. 
Vallate : With rather shrot broad furrows separated by ridges or walls. 
Verrucose: With low irregular wart-like projections whose basal diameters 
are as a rule longer than any other tangential diameters of the projections. 

Results 

1. Botrychium lanceolatum (Gmel.) Angstr. 

LM study: Hokkaido, Aug. 1903; T. Makino (MAK). Nagano Pref., Aug. 
1928; M. Honda (TI). Nagano Pref., Aug. 1937; M. Nakamura (CHIB). 
Nagano Pref., Jul. 1949; S. Hurusawa (TI). Shizuoka Pref., Sept. 1953; T. 
Yamazaki (TI). 

Shape: Trilete. Amb ST often RT, PP convex to nearly flat, DP hemi¬ 
spherical often convex. Size: 29(24-37) x 35(28-41)^. Laesura: 8-20 [x long, 
with a little prominent ridge up to 3 jjl tall at the pole. Exine: Light- 
yellow, semitransparent, c. 2 n thick, DF densely tuberose or with irregular 
verruca-like projections, c. 2 p high, 2-5^ in diameter, PF with small verruca- 
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like processes, contact area punctate or subpsilate. 

SEM study: Shizuoka Pref., Sept. 1953; T. Yamazaki (TI). 

DF: Densely tuberose often elongated extervermiculate (PI. VII. 2), and 
separated by channels (often seems fossulate), surface densely covered with 
fine granules (PI. X. 5). 

PF: Similarly sculptured as on DF except contact area. Contact area 
smooth, often minutely pitted, punctate (PI. VII. 1). 

2. B. lunaria (L.) Sw. 

LM study: Shizuoka Pref., Aug. 1916; K. Hisauchi (TOHO). Hokkaido, Jul. 
1933; H. tiara (TI). Nagano Pref., Jul. 1937; M. Nakamura (CHIB). Na¬ 
gano Pref., Jul. 1953; T. Yamazaki (TI). Fukushima Pref., Jun. 1968; I. 
Enomoto (TI). 

Shape: Trilete. Amb ST or RT, often GL on TQ. PP convex to flat, DP 
hemispherical sometimes convex. Size: 30 (25-35) x 35 (29-41) / t. Laesura : 
10-20 p, with clear prominent ridge c. 2-3 p tall. Exine: Light yellow, 
semitransparent, c. 2. 5p thick, irregularly verrucose on DF, faintly verrucose 
and often punctate or subpsilate on PF. Verrucae on DF c. 1-2 ft high, 2-4 
ft in diameter. 

SEM study: Nagano Pref., Jul. 1953; T. Yamazaki. (TI). 

DF: Irregular verrucae which observed by LM are not typical ones (PI. 
VII. 4). Their prominently anastomosing and undulated ridges seem very 
close to extervermiculate ornamentation. All over the surface of spore finely 
granulate. 

PF: Finely punctate (PI. VII. 3), and somewhat undulated with small ridges 
which look like as in B. lanceolatum. 

3. B. simplex Hitch, var. tenebrosum (Eat.) Clausen 
LM study: Nagano Pref., Aug. 1922; T. Sato (MAK). 

Shape: Trilete. Amb RT to ST, PP convex to flat, DP hemispherical. Size: 
28(26-30) x 33(31-35)^. Laesura: c. 15 p long, with a little thick ridge up 
to 3 ft tall. Exine : Light-yellow, semitransparent, c. 2 p thick, with partially 
irregular verrucae up to 1.5 p high, 2-4 p in diameter on DF, and almost 
subpsilate on PF. 

This spore sample was so poor, that the author could not investigate 
by SEM. But as far as examined under LM study, the spore of this species 
is very similar in pattern to that of B. lunaria. 
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4. Japanobotrychium strictum (Und.) Nishida 

LM study: Chiba Pref., Aug. 1951; S. Kurata (TOFO). Hokkaido, Aug. 1957; 
M. Nishida (CHIB). Shikoku, Aug. 1962; T. Miyauchi (TOFO). Shizuoka 
Pref., —> Cult., Chiba Pref., Oct. 1969; N. Sahashi (TOHO). Gifu Pref.,-> 
Cult., Chiba Pref., Aug. 1970; N. Sahashi (TOHO). 

Shape: Trilete. Amb RT to often GL, PP convex to flat, DP hemispherical 
to convex. Size : 25(22-30) x 29(25-32) p. Laesura : 10-17p long, with slender 
ridge up to 2. 5 p tall at the pole. Exine: Light-yellow, semitransparent, 
c. 2 p thick, DF with irregular verruca-like processes, 1-2 p high, 2-6 p in 
diameter, PF nearly subpsilate or scabrate. The spore is often scattered 
with fine granules over the whole surface. 

SEM study: Shizuoka Pref., —> Cult., Chiba Pref., Oct. 1969; N. Sahashi 
(TOHO). 

DF: Large verruca-like processes from the side view (Pl. VII. 6) often 
coalescing into extervermiculate pattern, and do not seem to be quite 
compact. Some irregular wart-like projections are scattered very sparsely. 
PF : Verrucae are smaller with obscure projections than on DF (PI. VII. 5), 
and beset with faintly rough processes. Laesura arms are without prominent 
ridges. 

5. J. virginianum (L.) Nishida 

LM study: Hokkaido, Aug. 1957; M. Nishida (CHIB). Kyushu, May 1959; 
T. Yamazaki (TI). Tokyo, Oct. 1966; T. Ichikawa (TI). Shizuoka Pref., 
Jun. 1968; N. Sahashi (TOHO). Chiba Pref., Jun. 1969; N. Sahashi (TOHO). 
Shape: Trilete. Amb RT to GL, PP convex to flat, DP hemispherical to 
somewhat convex. Size: 23.5(18-29) x 28(23-33) p. Laesura: 8-15 p long, 
with slender ridge up to 2.5^ tall at the proximal pole and obscured 
towards the tips. Exine: Light-yellow, semitransparent, c. 2.5^ thick, 
with large irregular verrucae 1-3 p high, 2-6 p in diameter on DF, and those 
on PF quite similar as on DF, but rather smaller. 

SEM study: Tokyo, Oct. 1966; T. Ichikawa (TI). 

DF: Verrucae are distinctly recognized and more densely spaced than 
in /. strictum, and often anastomosing. These verrucae seem exterver¬ 
miculate, and heavily undulated at the side view (PI. VIII. 2). 

PF: Nearly equal pattern to that of DF (PI. VIII. 1), but the shape of 
verrucae are more irregular in size and not so heavily waved as distal ones. 
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Granules are more deusely scattered all over the surface of spore (PI. X. 

6 ) than those of J. strictum. 

6 . Sceptridium (§ Sceptridium) daucifolium (Wall.) Lyon 
LM study: Kyushu, Isl. Yakushima, Jan. 1937; H. Ito (TI). Kyushu, Isl. 
Amamiohshima, Apr. 1937; S. Sonohara (KYO). Kyushu, Isl. Yakushima, 
Jan. 1969; M. Kawabata (TOFO). Kyushu, Isl. Tokunoshima, Dec. 1972; 
R. Yoroi (TNS). Kyushu, Isl. Yakushima, Jan. 1975; N. Sahashi (TOHO). 
Shape: Trilete. Amb RT, PP convex to flat, DP hemispherical to convex. 
Size: 20(16-25) x 23(20-26)Laesura : 8-12^ long, with somewhat slender 
ridge c. 2 p tall. Exine: Light-yellow, semitransparent, c. 1.5 p thick, 
densely covered with irregular papillae c. 2 p high, 0. 5-1 p in diameter, 
often these papillae making a reticulum-like pattern with lumina up to 4 p 
in diameter on DF; almost the same pattern on PF, but with smaller papillae 
and not makeing a reticulum. 

SEM study: Kyushu, Isl. Yakushima, Jan. 1969; M. Kawabata (TOFO). 

DF : Papillae which look like spinules or bacula by LM are seen as irregular 
in shape and of some complex structures (PI. VIII. 4). At high magnification 
(PL XI. 1) these papillae are recognized to be round projections on which 
small graunles are densely scattered. The same granules cover the re¬ 
mainder of the spore surface as well. Very often these irregular papillae 
anastomose to form a reticulum-like prttern. 

PF: Ornamantation is almost equal to that of DF (PL VIII. 3), but usually 
smaller and not reticulum-like in pattern. Laesura arms are seen very 
clearly with prominent Y-shaped ridge and contact area is divided almost 
equally into three faces. 

7. S. (§ Sceptridium) japonicum (Prantl) Lyon 

LM study: Wakayama Pref., Oct. 1930; H. Ito (TI). Niigata Pref., Sept. 
1961; Y. Nakamura (TOFO). Shizuoka Pref., Mar. 1971; N. Sahashi (TOHO). 
Tokyo, Isl. Ohshima, Dec. 1974; N. Sahashi (TOHO). 

Shape: Trilete. Amb RT, PP convex to flat, DP hemispherical to convex. 
Size: 25(22-31) x 30(24-36)^. Laesura: 10-16 ^ long, with rather prominent 
ridge c. 2.5 p tall. Exine: Light-yellow, semitransparent, c. 1.5-2 p thick, 
DF with irregular papillae or spinule-like projections as in S. daucifolium, 
1. 5-2. 5 p high, 0. 5-1. 5 p in diameter at the base. Papillae are formed in 
more or less interrupted ridges that join to form a reticulum-like pattern, 
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PF with nearly the same pattern as on DF, but papilae are smaller and 
usually reticulum-like pattern cannot be observed. 

SEM study: Shizuoka Pref., Mar. 1971; N. Sahashi (TOHO). 

DF: Ornamentation is almost the same as shown in S. daucifolium (PI. 
VIII. 6), but this species has usually larger papillae or spinules, and gener¬ 
ally forming a larger reticulum-like pattern. 

PF: Similar ornamentation as on DF, but smaller (PI. VIII. 5). Laesura 
arms appear to be somewhat thick ridges forming Y-mark. 

8 . S. (§ Multifida) minus (Hara) Nishida 

LM study: Nagano Pref., Sept. 1932 ; H. Koidzumi (TNS). Nagano Pref., Oct. 
1932; H. Hara (TI). Kanagawa Pref., Oct. 1932; M. Kishida (TNS). 

Shape: Trilete. Amb ST, PP convex to flat, DP hemispherical to convex. 
Size: 24.5(22-27) x 28(25-30)//. Laesura: 10-16// long, with slender ridge 
up to 2. 5 // tall. Exine: Light-yellow, semitransparent, c. 1.5// thick, DF 
with reticulum-like pattern, lumina up to 1.5 // in diameter and almost 
equally broad muri, PF faintly foveolate-fossulate, but mainly with vallate 
sculptures. 

SEM study: Nagano Pref., Oct. 1932; H. Hara (TI). Kanagawa, Pref., Oct. 
1932; M. Kishida (TNS). 

DF: Muri with more or less undulated ridges (PI. IX. 2), lumina somewhat 
deep and seem to be strongly foveolate (PI. XI. 2), surface is ornamented 
with very small granules. 

PF: Ornamentation is rather vallate than foveolate-fossulate (PL IX. 1), 
murus-like ridges are seen near the equatorial area. 

9-a. S. (§ Multifida) multifidum (Gmel.) Nishida var. multifidum 
LM study: Nara Pref., Nov. 1952; M. Tagawa (CHIB). Niigata Pref., Sept. 
1955; S. Iwano (CHIB). Fukui Pref., Oct. 1967; S. Watanabe (TOFO). 
Hokkaido, Sept. 1968; M. Togashi (TI). Nagano Pref., Oct. 1968; S. Ku- 
rata (TOFO). 

Shape: Trilete. Amb ST to TQ, PP convex to nearly flat, DP hemispherical 
to convex. Size: 23.5(20-26) x 28(24-33)//. Laesura: 10-15// long, with 
slender ridge, c. 2.5// tall. Exine: Light-yellow, semitransparent, c. 1.5// 
thick, on DF more or less uniformly reticulate, with lumina up to 2. 5 // in 
diameter and equally broad muri. PF with finely vallate or pitted sculptures. 
SEM study: Hokkaido, Sept. 1968; M. Togashi (TI). Nagano Pref., Oct. 
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1968; S. Kurata (TOFO). 

DF: Reticulae seem to be more remarkable than those of S. ternatum var. 
ternatum (PI. IX. 4), lumina seem clear and somewhat regular. At high 
magnification (PI. XI. 3) fine granules scattered all over the surface and 
concentrated on the muri. 

PF: Contact area faintly vallate or foveolate (PI. IX. 3), and with fine 
reticulum-like patterns near equatorial area. Areas around laesura flat or 
with obscure granules. 

9- b. S. (§Multifida) multifidum (Gmel.) Nishida var. robustum (Rupr.) Nishida 
LM study: Hokkaido, Aug. 1957; M. Nishida (CHIB). Nagano Pref., Sept. 

1969; S. Serizawa (Herb. Serizawa). Niigata Pref., Sept. 1971; S. Serizawa 
(Herb. Serizawa). Fukushima Pref., -» Cult., Chiba Pref., Oct. 1972; N. 
Sahashi (TOHO). Mie Pref., Nov. 1973; N. Sahashi (TOHO). 

Shape: Trilete. Amb ST to TQ, PP convex to nearly flat, DP hemispherical 
to convex. Size : 23(20-27) x 27(23-31) p. Laesura : 8-15 p long, with slender 
ridge up to 2.5 p tall at the proximal pole. Exine: Light-yellow, semitrans¬ 
parent, c. 1.5 p thick, provided with reticulum-like pattern up to 2 p in 
diameter of lumina, 1-1. 5 p broad muri on DF. Contact area on PF somewhat 
vallate and foveolate-fossulate. 

SEM study: Hokkaido, Aug. 1957; M. Nishida (CHIB). Niigata Pref., Sept. 
1971; S. Serizawa (Herb. Serizawa). Fukushima Pref., —> Cult., Chiba Pref., 
Oct. 1972; N. Sahashi (TOHO). 

DF: Ornamentations quite similar to those of S. multifidum var. multifidum 
(PL IX. 6). Often shape of lumina seem to be deep and narrow grooves 
(PI. XI. 4), and also very similar fine granules concentrated on the muri 
as shown in the preceding species. 

PF: Contact area more or less finely vallate or faintly fossulate. Near the 
equatorial area a reticulum-like pattern finer than that of DF is observed. 

10- a. S. (§ Multifida) ternatum (Thunb.) Lyon var. ternatum 

LM study: Shizuoka Pref., Oct. 1948; S. Kurata (TOFO). Mie Pref., Nov. 
1969; N. Sahashi (TOHO). Chiba Pref., Oct. 1972; N. Sahashi (TOHO). 
Tokyo, Isl. Aogashima, Nov. 1972; T. Yasui (TOFO). Shikoku, —> Cult., 
Chiba Pref., Dec. 1974; N. Sahashi (TOHO). 

Shape : Trilete. Amb ST to slightly TQ, PP convex to flat, DP hemispherical 
to convex. Size: 24.5(19-29) x 29(23-36)^. Laesura: 9-18 p long, with 
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slender ridge up to 2.5^ tall at the pole. Exine: Light-yellow, semitrans¬ 
parent, reticulum-like pattern up to 2 p. in diameter of lumina and with 
0. 5-1.5 i± broad muri on DF. Contact area of PF finely vallate or foveolate. 
General surface of exine shows minute granules. 

SEM study: Mie Pref., Nov. 1969; N. Sahashi (TOHO). Chiba Pref., Oct. 
1972; N. Sahashi (TOHO). 

DF: Reticulae somewhat irregular both in size and shape of lumina and 
muri (PI. X. 2). Muri develop irregularly and do not form uniform lumina. 
Often lumina seem strongly fossulate. At high magnification (PI. XI. 5) 
both the base of lumina and muri are densely verrucose or granulate. 

PF: With smaller reticulum-like pattern than on DF except contact area 
recognized to be flat. Contact area shows irregularly vallate or foveolate- 
fossulate sculptures. 

10-b. S. (§ Multifida) ternatum (Thunb.) Lyon var. nipponicum (Makino) Nishida 
LM study : Tokyo, Jan. 1915 ; T. Makino (MAK). Okayama Pref., Sept. 1952 ; 
M. Tagawa (CHIB). Chiba Pref., Oct. 1958; M. Nishida (CHIB). Saitama 
Pref., —> Cult., Chiba Pref., Oct. 1974; N. Sahashi (TOHO). Nagano Pref., 
Cult., Chiba Pref., Oct. 1975 ; N. Sahashi (TOHO). 

Shape: Trilete. Amb ST to often RT or TQ, PP convex to flat, DP hemi¬ 
spherical to convex. Size: 24(19-29) x 27.5(23-34)^. Laesura : 9-15 /a long, 
with slender ridge up to 2. 5 y. tall at the pole. Exine: Light-yellow, semi¬ 
transparent, c, 2 [i thick, DF with irregular reticulum-like processes up to 
2 ft in diameter, and equally broad muri, and on PF somewhat vallate of 
foveolate ornamentations especially on the contact area. General surface 
of exine finely granular. 

SEM study: Chiba Pref., Oct. 1958: M. Nishida (CHIB). 

DF: Ornamentation very similar to that of S. ternatum var. ternatum (PI. 
X. 4). However, muri of this spore somewhat clear and uniform, and 
lumina more or less shallow. Often strong foveolate sculptures are seen. 
Surface of exine densely covered with granules or verrucae (PI. XI. 6). 
PF: Contact area flat, and foveolate-fossulate around laesurae (PI. X. 3). 
Undulated ridges are seen near the equatorial area. 

Discussion Spores of Botrychium in the sense of Copeland (1947) had 
already been proved useful for taxonomy of various ranks, and several 
investigations have been reported (Knox, 1951; Harris, 1955; Erdtman & 
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Sorsa, 1971). The previous studies, however, have been limited technically 
in dealing with fine structure of the spore surface. 

In this study, spore morphology has been further investigated under 
both light and scanning electron microscopes on three genera including ten 
species of the Japanese Botrychiaceae Nishida (1952, 1960; cf. Tagawa, 1958). 
The author found that the spores of each genus have characteristic orna¬ 
mentations and can be easily distinguished from each other. Furthermore, 
each species of these genera (except for Sceptridium Sect. Multifida) is also 
distinguishable both by size of spores and by their ornamentations. For 
instance, the genus Botrychium has typical verrucose ( B. lunaria ) and 
tuberose ( B . lanceolatum ) sculptures (Figs. 3, 4). While the genus Japa- 
nobotrychium is characterized by somewhat larger irregular verrucae (/. 
strictum ) and more prominent ones (/. virginianum) which are scattered 
over the surface of spore (Figs. 5, 6). 

On the other hand, the genus Sceptridium can be clearly divided into two 
groups according to the spore ornamentations. Sect. Sceptridium of the 
genus has peculiar spinules or papillate projections. Two species in this 
group are of similar pattern, but S. daucifolium has smaller spores than 
S. japonicum. While, Sect. Multifida is characterized by the reticulum-like 
pattern and fine granules densely concentrated on the muri (Figs. 1, 2). In 
the latter section, on the contrary, the author could not clearly divide the 
species from each other by the spore characters. 

The spores of the same species from the different regions did not show 
any sharp distinction except one species, Botrychium lunaria. A plant of 
B. lunaria collected from Mt. Yatsugatake, Nagano Pref. in 1937 (CHIB) 
seems to have irregular cytological conditions. Its spores are irregular 
and larger than normal ones, i. e., about 30-44 x 40-70 gm, and spores of 
alete type are often seen in the same preparation. 

The results obtained from the spore charactes in three genera of Botry¬ 
chiaceae let the author support Nishida’s view to keep Botrychiaceae as an 
independent family and to divide the genus Sceptridium into two sections. 
However, it is rather difficult to clarify the phylogenetic relationship between 
these three genera using the spore characters. In the meantime, the spores 
of the Japanese Ophioglossaceae have ornamentations more or less similar 
to those of Botrychiaceae (Nakamura & Shibazaki, 1959, Sahashi, 1969). 
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Figs. 1-6. Spores of Botrychiaceae illustrated under the light and electron microscopic 
observations. 1. Sceptridium ternatum, polar view. 2. Sceptridium ternatum , 
eauatorial view (side view). 3. Botrychium lunaria, polar view, distal face. 

4. Botrychium lanceolatum, polar view, distal face. 5. Japanobotrychium virgi- 
nianum, polar view, proximal face. 6. Japanobotrychium strictum, polar view, 
proximal face. 
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The spores of each species in the former family have somewhat unique 
ornamentations of typical reticulate pattern (Nakamura & Shibasaki, PI. I, 
II; Sahashi, p. 49). 
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Explanation of Plates VII-XI 

Plate VII. 1-2. Botrychium lanceolatum. 1. Polar view, proximal face. 2. 
Polar view, distal face. 3-4. Botrychium lunaria. 3. Polar view, proximal 
face. 4. Polar view, distal face. 5-6. Japanobotrychium strictum. 5. 
Polar view, proximal face. 6. Equatorial view (Side view). 

Plate VIII. 1-2. Japanobotrychium virginianum. 1. Polar view, proximal face. 
2. Equatorial view. 3-4. Sceptridium daucifolium. 3. Polar view, proximal 
face. 4. Equatorial view. 5-6. Sceptridium japonicum. 5. Polar view, 
proximal face. 6. Equatorial view. 

Plate IX. 1-2. Sceptridium minus. 1. Polar view, proximal face. 2. Polar 
view, distal face. 3-4. Sceptridium multifidum var. multifidum. 3. 
Equatorial view. 4. Polar view, distal face. 5-6. Sceptridium multifidum 
var. robustum. 5. Polar view, proximal face. 6. Polar view, distal face. 
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Plate X. 1-2. Sceptridium ternatum var. ternatum. 1. Polar view, proximal 
face. 2. Polar view, distal face. 3-4. Sceptridium ternatum var. nip- 
ponicum. 3. Polar view, proximal face. 4. Polar view, distal face. 5. 
Botrychium lanceolatum, a part of distal face. 6. Japanobotrychium 
virginianum, a part of proximal face. 

Plate XI. 1. Sceptridium daucifolium, a part of distal face. 2. Sceptridium 
minus, a part of distal face. 3. Sceptridium multifidum var. multijidum, 
a part of distal face. 4. Sceptridium multifidum var. robustum, a part 
of distal face. 5. Sceptridium ternatum var. ternatum, a part of distal 

face. 6. Sceptridium ternatum var. nipponicum, a part of distal face. 

* * * * 

(1952, 1960), ffijll (1958) V 7 £1$ (Botry- 

chiaceae) © 3 jg 10 L 

fz o Copeland (1947) y (Ophioglossaceae) ©—Jgic— 

Botrychium £> % 3 L 

fco fc. > v v t"Jl ( Botrychium ) t. ^ V 

v ti (£. lunaria ) C> Jg ^ ^ (verrucose) (5. 

lanceolatum ) (tuberose) '7 / 

( Japanobotrychium ) i 

7 7 tf (/. virginianum) t, ^ tyfWtffetgd-if V 

>'t7 7 t" (/. strictum) Kfplrf b b o ( Sceptridium ) H 

SE0 (1960) Lfc i 5 & 2 'fftib'k Sect. Sceptridium 

(S. japonicum) i*77f^t77t' (S. daucifolium ) $jj 
(spinule) & 5 (papilla) t;, 

(reticulum) ^ 

7 tWtt^'t7 7 fc'J: 9 
10-ju %/jN$l/'©'C|E^IJtr§'?)o Sect. Multifida tlt5 7 3-/ 

v fcf (Sceptridium ternatum var. ternatum) t7P''d~Vyb (S. ternatum 
var. nipponicum), (S. multifidum var. multifidum) ti/7ay 

(S. multifidum var. robustum), fiyb\ C77f ^'t7 7 (S. minus) 

it, 'stf'j'fflim*', ztiKj&'mft, &z>\,'bt^mwtv 

v it&M&L-cist), zbbttfcgmm^z 

-ofc 0 Jfcliit l LTO 
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ItiB P>J&»IC&#*e£> 0 , ^feftOfgj&Rfc: X Ltl'^o 

—jjmmofrmifcfcxv &<d*p®''J--yx v 

(1959) kfeM (1969) KX ^X&L^ZtiXis 0, 7 

v kftKmr i' ztmj-mmvmmmbfrKmj:-?-£&>)& ffi'C'kZo ^ 

W77 k'&k''i--Y* V Wffiffl (1952) 

44oiS5o 


OS^lX^ UMIII2 (^ ^SJj • Eisuke Hama & Cunio Nacke- 

jima : Notes on the violets of Japan 

r^&B *0 * ^ mjcmmt ( 1975 ) & hjjku atk 

uJK*iB$L, 40®, 3®g, 39M, 75p° n ffi*>'J; 
75 &§«& i: D&tffco *©4*-C, fcj&t, CT. 

111, £— 

Ml<ooi'tio^buCts Afe-CiE^;l'C^'t?, 0 fat, HER:# 

ig$jxt:v'?)%©tcMi“?)frEV'ppfi/j;E'!'-'OV't:it ) 5 sc, ns. 

©SB'o±M3it^Kiff Zteoittctf, S&HRLfr Sbft 

Z>®-£, z. LtiLtftbfrt'L AfcL/ct'o fEf^ffltYcS^ggtt, 3SJjt©o£&||, 

«t £l®fS©;t^ $ $ tf/d' 0 

1. Fzo/a rostrata Pursh var. rostrata form, alpina Hama, f. nov. 

Differt a V. rostrata, planta minore et purpurascenti, floribus atro-purpureis. 
Cetera ut in typo. 

Nom. Jap. Miyama-nagahashi-sumire, nov. 

Hab. Along sunny footpath on ridge of subalpine zone of Central Hondo at 
alt. 1,300-1,600 m; Mt. Happo-dake, Prov. Shinano. (E. Hama, Jul. 26, 1962 
—typus in Herb. E. Hama.). 

2. Viola ovato-oblonga (Makino) Makino form, variegata Hama, f. nov. 
Folia viridia sed venae rubro-purpurascentes. Cetera ut in typo. 

Nom. Jap. Madara-nagabano-tachitsubo-sumire, nov. 

Hab. Kyushu: Yuin-machi, Oita-gun, Prov. Bungo. (E. Hama, Apr. 28, 1963 
—typus in Herb. Hama.). 

3. Viola mirabilis Linn. var. subglabra Ledebour form. Seiichii Hama, f. nov. 
Differt a V. mirabili var. subglabra, floribus albis. Cetera ut in typo. 
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N. Sahashi : Spore of Bot^ychiaceae 
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